T he acute respiratory distress syndrome (ARDS) is defined as nonhydrostatic pulmonary edema clinically characterized by bilateral infiltrates on chest x-ray and hypoxemia in the absence of left atrial hypertension (1) . Although survival of patients with ARDS has improved due to the use of ventilation using low tidal volumes, mortality remains high in the range of 30% to 40% (2) . Older age, sepsis, chronic liver disease, multi-organ dysfunction, multiple blood transfusions, and ventilation with large tidal volumes are associated with increased mortality in ARDS (2) (3) (4) (5) (6) (7) . Genetic factors, including polymorphisms in the angiotensin converting enzyme, interleukin-1, and tumor necrosis factor genes have been associated with altered mortality in ARDS (8, 9) .
Pulmonary surfactant is a combination of proteins and phospholipids normally present in alveolar fluid. It serves to prevent alveolar atelectasis, allow for normal ventilation and perfusion matching, and is immunologically active. It is recognized that pulmonary surfactant functions abnormally in patients with ARDS (10, 11) . Surfactant protein B (SFTP-B) is one of the vital hydrophobic surfactant proteins that normally serves to reduce alveolar surface tension and thus allow for normal alveolar physiologic function (11, 12) . Reduced levels of SFTP-B have been found in the lungs in animal models of hypoxemic respiratory failure and in patients with ARDS (10, 13, 14) .
The surfactant protein B gene (SFTP-B) is located on chromosome 2 and is approximately 9500 base-pairs in length. The variable nuclear tandem repeat (VNTR) SFTP-B polymorphism is defined by the presence of or deletion of a 20 base-pair conserved sequence with a variable number of CA repeats in intron 4 of the SFTP-B gene as previously described (15) . Wildtype carries no insertion or deletion. The SFTP-B ϩ1580 constitutes a single polymorphism in exon 4 of the SFTP-B gene and is characterized by a cytosine for thymine variation at position 1580 which causes amino acid 131 to change from threonine to isoleucine (16) . Both of these polymorphisms have been associated with ARDS in previous studies (16, 17) . A relationship between the presence of these polymorphisms and outcome in ARDS has not been described. We hypothesized that these polymorphisms as described above may be associated with increased mortality in patients with ARDS.
Objective: To determine whether polymorphisms of the surfactant protein B gene may be associated with increased mortality in patients with the acute respiratory distress syndrome.
Design: A prospective cohort study. Setting: Four adult intensive care units at a tertiary academic medical center.
Patients: Two hundred fourteen white patients who had met criteria for acute respiratory distress syndrome.
Interventions: None.
Measurements and Main Results: Patients were genotyped for a variable nuclear tandem repeat polymorphism in intron 4 of the surfactant protein B gene and the surfactant protein B gene ؉1580 polymorphism. For the variable nuclear tandem repeat surfactant protein B gene polymorphism, patients were found to have either a homozygous wild-type genotype or a variant genotype consisting of either a heterozygous insertion or deletion polymorphism. Logistic regression was performed to analyze the relationship of the polymorphisms to mortality in patients with
acute respiratory distress syndrome. In multivariate analysis, the presence of variable nuclear tandem repeat surfactant protein B gene polymorphism was associated with a 3.51 greater odds of death at 60 days in patients with acute respiratory distress syndrome as compared to those patients with the wild-type genotype (95% confidence interval 1.39 -8.88, p ‫؍‬ 0.008). There was no association found between the ؉1580 variant and outcome (p ‫؍‬ 0.15). 
Conclusions: In this study, the variable nuclear tandem repeat surfactant protein B gene polymorphism in intron 4 is associated with an increased 60 day mortality in acute respiratory distress

MATERIALS AND METHODS
Study Population. The study population consisted of ARDS patients who were prospectively enrolled into the Molecular Epidemiology of ARDS study. The details of the study have been previously described (7, 17) . In the parent study, critically ill patients admitted to the medical, cardiac, surgical, and neurosurgical intensive care units at the Massachusetts General Hospital in Boston, MA with studydefined sepsis, trauma, aspiration or multiple transfusion were eligible for the study (Table  1) . Patients were excluded from the study if they fulfilled any of the following criteria: age Ͻ18, absolute neutrophil count Ͻ500 cells/L (unless because of sepsis), treatment with immunosuppressants except corticosteroids or immunostimulants such as granulocyte colony-stimulating factor in the preceding 21 days, presence of a do-not-intubate or comfort-measures-only status, a history of human immunodeficiency virus, a history of solid organ or bone marrow transplantation, or a history of interstitial lung disease which may mimic ARDS. The study was approved by the Human Subjects Committees of the Massachusetts General Hospital and the Harvard School of Public Health. Informed consent was obtained from all patients or their appropriate surrogate.
Enrolled subjects were followed prospectively for development of ARDS defined as respiratory failure requiring mechanical ventilation and fulfillment of the American-European Consensus Conference criteria for ARDS as previously described (1, 7, 17) . Only patients who developed ARDS are analyzed in this study.
Baseline demographic data were collected on each patient and included such information as past history of ARDS, diabetes, alcohol use, chronic liver disease, or smoking. Clinical information such as PaO 2 :FiO 2 ratio, type of mechanical ventilation, treatment with steroids, and number and type of blood transfusions were recorded. Patients were followed for all-cause 60 day mortality.
DNA Extraction and Genotyping. Blood samples were collected from each enrolled patient in a 10 mL ethylenediaminetetraacetic acid containing tube. DNA was then extracted from blood using PureGene kits (Gentra Systems, Minneapolis, MN) per manufacturer's protocol.
Extracted DNA was then used as a template for amplification of the VNTR SFTP-B gene using polymerase chain reaction as previously described (15) . The following primers were used in polymerase chain reaction: 5Ј-CTGGTCATCGACTACTTCCA-3Ј and 5Ј-TGT-GTGTGAGAGTGAGGGTGTAAG-3Ј. The polymorphism consisted of either an insertion or deletion of a 20 base pair conserved sequence along with a variable number of dinucleotide CA repeats. Patients with a 606 base-pair band were considered to have the wild-type genotype. Patients with one or more smaller or larger bands were considered to have either an insertion or deletion variant, respectively. For quality control, a random 5% of the samples were repeated to assess the reproducibility of results. Two authors independently reviewed all agarose gels. There was 100% concordance of randomly repeated samples and 100% agreement in independent gel interpretation between two individuals. The rate of successful genotyping was 99.5%.
The allelic discrimination of the SFTP-B ϩ1580 gene polymorphism was assessed with the ABI PRISM 7900 Sequence Detection System (Applied Biosystems, Foster City, CA), using the fluorogenic 5Ј nuclease assay with Taqman minor groove binder probes. The wildtype Taqman minor groove binder probes were 6-carboxyfluorescein-labeled and the mutant probes were factor V Leiden probelabeled. The primers and probes for the ϩ1580 gene (rs 1130866) polymorphism assays were ordered from Applied Biosystems. Genotyping was performed by laboratory personnel blinded to subject status, and a random 10% of the samples were repeated to validate genotyping procedures. Two authors independently reviewed all genotyping results. The rate of genotyping success was 99.9%.
Statistical Analysis. All patients with ARDS were classified by presence of the C or T allele at the ϩ1580 site of SFTP-B and by presence or absence of one or more VNTR variant (insertion or deletion) SFTP-B polymorphisms. Patients with heterozygous insertion/wildtype, heterozygous deletion/wildtype, and homozygous insertion polymorphisms were grouped together as variant SFTP-B as in previously published studies (17, 19) . Compliance and Lung Injury Score were calculated as previously described (20) . Dichotomous baseline characteristics were compared using the Fisher's exact test and continuous variables were compared using the Student's t-test if normally distributed or the Wilcoxon ranked sum test if not normally distributed.
A logistic regression model with 60-day mortality in ARDS as the dependent covariate was created. Independent covariates were selected by those found to be significantly related to outcome on univariate analysis or those covariates which had been reported in the literature as being related to outcome in patients with ARDS such as older age, chronic liver disease, red blood cell transfusion, sepsis, and treatment with corticosteroids (2-7, 21, 22) .
Administration of any steroids at any time during the first 29 days of the study was included in the analysis as a dichotomous covariate. Age, Acute Physiology and Chronic Health Evaluation III score, and number of units of red blood cells transfused were kept as continuous covariates in the model. Acute Physiology and Chronic Health Evaluation III score was recalculated without the age component. Interaction between variant SFTP-B and the other covariates was tested with interaction terms. Potential confounders were evaluated by adding each covariate individually to a regression model of SFTP-B and ARDS mortality at 60 days. If the odds ratio (OR) of variant SFTP-B changed by Ͼ10%, the added covariate was considered to be a confounder. Conformation to the Hardy-Weinberg equilibrium was calculated using the chi-square goodness of fit test as has been done in previous studies (17) .
Linkage disequilibrium between the SFTP-B ϩ1580, VNTR SFTP-B polymorphism and their frequencies was estimated using the expectation maximization algorithm (23) . Haplotypes were coded as an additive fashion. ARDS mortality was regressed on haplotype counts by logistic regression, using the most common haplotype as reference haplotype. All analyses were performed using SAS statistical software (SAS Institute, Cary, NC) version 9.1. A p value Յ0.05 was considered significant.
RESULTS
Baseline Characteristics. Between September 1999 and October 2002, 238 of 1040 patients in the Molecular Epidemiology of ARDS Study developed ARDS. These pa-tients were genotyped for the VNTR SFTP-B polymorphism and ϩ1580 polymorphism. As 90% of the ARDS patients were white and significant racial differences have been noted in the distribution of SFTP-B polymorphisms, all subsequent analyses were restricted to the 214 white patients (24) . Missing data on baseline characteristics occurred in only two patients. A total of 115 of 214 (54%) subjects survived to day 60. Clinical differences between survivors and nonsurvivors in ARDS are detailed in Table 2 .
Presence of VNTR SFTP-B Polymorphism and Risk of Death 60 Days. Thirtynine (18%) patients had a variant form of SFTP-B (8 (4%) patients heterozygous insertion/wildtype, 24 (11%) patients heterozygous deletion/wildtype, seven (3%) patients homozygous insertion), 175 (82%) patients had the homozygous wildtype VNTR SFTP-B gene. There was no significant departure from Hardy Weinberg equilibrium (p ϭ 0.39).
For those patients with one more or more VNTR SFTP-B variants, 17 of 39 (44%) patients survived compared with 98 of 175 (56%) patients homozygous for the wildtype allele who survived. This difference was not statistically significant on crude analysis (OR 1.65 [0.82, 3.32]; p ϭ 0.16) ( Fig. 1) . Frequency of the VNTR SFTP-B genotypes in those who survived or died at day 60 are listed in Table 3 .
Significant predictors for 60-day mortality in ARDS on multivariate analysis are displayed in For dichotomous variables, the number of patients is listed with percent of total in parenthesis. For the continuous covariates age, APACHE III score, and number of units of RBCs transfused, the median is listed with the range in parentheses.
ARDS, acute respiratory distress syndrome; APACHE, Acute Physiology and Chronic Health Evaluation; RBC, red blood cell. To better examine the effect of age on the association between the variant VNTR SFTP-B and ARDS mortality, the analysis was stratified by the median age. On stratifying the final regression model along median age of 65, variant SFTP-B was related to mortality at 60 days among patients older than 65 with an OR of 3.0 (0.94, 9.5); p ϭ 0.063. Among the younger subset, variant SFTP-B was related to mortality with an OR of 1.95 (0.56, 6.8); p ϭ 0.29.
Presence of ϩ1580 Polymorphism and Risk of Death 60 Days. There was no significant departure in allele distribution of SFTP-B ϩ1580 from Hardy Weinberg equilibrium (p ϭ 0.68). There was no significant relationship of the SFTP-B ϩ1580 polymorphism to outcome in ARDS in this cohort on univariate or multivariate analysis. On crude analysis, SFTP-B ϩ1580 was not related to mortality at 60 days with an OR of 1.27 (0.86, 1.87); p ϭ 0.22. SFTP-B ϩ1580 was not related to mortality at 60 days on multivariate analysis with an OR of 1.40 (0.88, 2.23); p ϭ 0.15. No association between the variant ϩ1580 and ARDS mortality was found after stratifying by pneumonia (p ϭ 0.58) or direct pulmonary injury (p ϭ 0.57). There was no significant difference in the SFTP-B ϩ1580 genotypes in those who survived or died at day 60 (p ϭ 0.44) as shown in Table 3 .
Haplotype Analysis. Linkage disequilibrium analysis showed that all of the Lewontin's D' values between polymorphisms at ϩ1580 and the VNTR SFTP-B were 1.0, indicating high linkage disequilibrium among these polymorphisms. A total of four haplotypes were deduced. However, global tests did not find any associations between haplotypes and ARDS mortality (p ϭ 0.97, df ϭ 3).
DISCUSSION
There are four major known surfactant proteins: SFTP-A, SFTP-B, SFTP-C, and SFTP-D and a minor group of proteins derived from serum (12) . SFTP-A and SFTP-D belong to the collectin superfamily of proteins and are active immunologically in stimulating bacterial phagocytosis and macrophage chemotaxis (25) (26) (27) . SFTP-B and SFTP-C are hydrophobic proteins crucial to survival. They reduce the hydrophilic molecular attractant forces in surfactant, serve to spread the fluid, and thus lower alveolar surface tension (12) . These functions are important for maintaining normal physiologic lung function.
Abnormal function of surfactant in ARDS may contribute to atelectasis, shunt, and ventilation-perfusion mismatch. It may also predispose to infection and contribute to ventilator induced lung injury (28) . Studies have shown alterations in the concentrations of surfactant proteins and changes in the surfactant function in ARDS. In bronchoalveolar lavage (BAL) specimens from ARDS patients, surface lipid-protein complexes are not surface active like surfactant from healthy controls and surface tension is increased (10, 11) . Phospholipid concentrations from patients with respiratory failure have been shown to be similar to those of infants with respiratory distress syndrome (29) .
Several studies in animals have suggested that decreased levels of SFTP-B or abnormalities in the SFTP-B gene are related to hypoxemic respiratory failure. In two mouse models of pneumocystis carinii pneumonia, levels of SFTP-B from BAL samples and SFTP-B gene expression were both reduced (13) . In a bleomycin model of lung injury in rats, mature SFTP-B levels were decreased by 90% at 7 days postinjury. Lost surface activity of BAL phospholipids of the injured rats was restored by administration of exogenous SFTP-B (14) . Transgenic mice lacking the SFTP-B gene die shortly after birth because of respiratory distress (30) .
Similarly, humans with congenital absence of SFTP-B also develop a rapidly fatal respiratory distress syndrome (31) . In infants, polymorphisms in SFTP-B have been associated with respiratory distress syndrome (29, 32, 33) . Polymorphisms in SFTP-B have also been associated with ARDS (16, 17) . A single nucleotide polymorphism (SFTP-B ϩ1580) was found to be associated with the development of ARDS, septic shock, and the need for mechanical ventilation in adult patients with communityacquired pneumonia (16) .
This study prospectively follows a cohort of patients with ARDS and shows an association between presence of the relatively common VNTR SFTP-B (found in 18% of the population in this study) and increased mortality in multivariate analysis. Specifically, the presence of the variant VNTR SFTP-B polymorphism is associated with a significantly increased risk of death at 60 days (OR 3.51 [95% confidence interval 1.38 -8.88]; p ϭ 0.008) after adjustment for the potential confounders. This risk was higher in older subjects who have a higher mortality in ARDS as a group. Currently, the functional significance of the VNTR SFTP-B polymorphism is not known. The variant VNTR SFTP-B gene could be related to mortality in ARDS directly-perhaps through the production of a faulty surfactant protein. Studies examining the levels and function of the SFTP-B protein in BAL fluid in human ARDS patients and SFTP-B mRNA levels along with genetics would help to answer this question. Given that the variant VNTR SFTP-B is present in an intron, it may not have a direct pathophysiologic role, but may instead be linked to another causally related polymorphism. In this case, this SFTP-B polymorphism may only serve as an epidemiologic marker of increased risk of mortality in those patients with ARDS. Alternatively, the polymorphism may play a role in protein splicing that has been hypothesized to be part of the role of introns. Further study will help to clarify the role of SFTP-B in ARDS and perhaps provide further basis for treatment of the disease.
Why the variant SFTP-B might have a greater relationship to mortality in patients who are older is unclear. Genes have been linked to multiple diseases differentially based on age. Age of onset of Alzheimer's disease has been linked to apolipoprotein E polymorphisms and age of onset of diabetes has been linked to differences in human leukocyte antigen class II haplotypes (34 -36) . There have also been associations of polymorphisms based on age in ARDS. There is a stronger association of the Ϫ308GA tumor necrosis factor-␣ with mortality in younger patients (37) . The interleukin-10 Ϫ1082GG genotype is associated with ARDS, but only in the presence of a significant interaction between the Ϫ1082GG genotype and age (38) .
There is a suggestion that levels of SFTP-A may change with age. SFTP-A levels in bronchial lavage were found in one study to decrease with age in healthy volunteers (although there was no significant change in BAL levels of SFTP-A) (39) . In another study, the ratio of SFTP-A1 to SFTP-A in BAL fluid was found to decrease with age, although the total SFTP-A content in BAL fluid was unchanged (40) . On review of the literature, there has been no report of any relationship of levels of SFTP-B to age. The role of aging in the function and production of surfactant is also unknown. An age of illness threshold to the effects of SFTP-B and a mechanism by which this might occur needs to be further explored.
We found no relationship in this cohort between the SFTP-B ϩ1580 polymorphism and mortality in ARDS, either when examined in the total population or when examined in the subgroups of patients with pneumonia or direct lung injury. A prior association between SFTP-B ϩ1580 and the development of ARDS and need for mechanical ventilation was described in a group of patients with community acquired pneumonia (16) . No association was found between this polymorphism and mortality but the low mortality rate (6.5%) in that study limited the power to detect an association.
We recognize several limitations in this study. First, there was no measurement of a phenotypic expression of the genes such as concentration of SFTP-B in BAL fluid. Second, this study examines the relationship of SFTP-B to mortality only in white patients because of the pre-dominance of the group in the cohort and reported racial differences in SFTP-B. Its results may therefore have limited applicability to other racial groups. The evident relationship between SFTP-B and increased mortality in older patients needs to be further explored.
CONCLUSION
Surfactant plays an important role in lung function and has been shown to function abnormally in patients with ARDS. In this cohort, a VNTR in intron 4 of the SFTP-B is associated with increased 60 day mortality in ARDS after adjusting for age, severity of illness and other potential confounders. Additional studies in other populations are needed to confirm this finding.
